0 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 253 839 B1 



© 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 15.04.92 © Int. CIA F1 6J 15/32, F04D 29/14 

© Application number: 87900621.1 

© Date of filing: 02.01.87 

© International application number: 
PCT/AU87/00002 



© International publication number: 
WO 87/04223 (16.07.87 87/15) 



© CENTRIFUGAL SEAL 



© Priority: 09.01.86 AU 4152/86 

@ Date of publication of application: 
27.01.88 Bulletin 88/04 

© Publication of the grant of the patent: 
15.04.92 Bulletin 92/16 

© Designated Contracting States: 
BE DE FR GB IT NL SE 



References cited: 
AU-B- 109 442 
SU-A- 806 962 
SU-A- 844 871 
SU-A- 1 004 702 
US-A- 3 627 390 



DE-A- 2 322 458 
SU-A- 806 963 
SU-A- 870 813 
US-A- 3 256 027 
US-A- 3 731 940 



CD 

0> 
CO 
00 

CO 

in 

cm 

O Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 

Shall ho fila/H In -a .»,rH-t^« I . 



© Proprietor: WARMAN INTERNATIONAL LIMIT- 
ED 

1 Marden Street 
Artarmon, NSW 2064(AU) 

© Inventor: MARTIN, Denis, James 
35A Bangalla Street 
Warrawee, NSW 2074(AU) 
Inventor: GRZINA, Anthony 
5/60 Wrights Road 
Drummoyne, NSW 2047(AU) 
Inventor: WARMAN, Charles, Harold 
36 Linden Way 
Castlecrag, NSW 2068(AU) 
Inventor: MITCHELL, Philip, Neil 
13 Lockwood Avenue 
Frenches Forest, NSW 2086(AU) 

© Representative: Senior, Alan Murray et al 
J.A. KEMP & CO 14 South Square Gray's Inn 
London WC1R 5EU(GB) 



LLI 



shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 



1 



EP 0 253 839 B1 



2 



Description 

This invention relates to sealing means for the 
prevention of fluid leakage between the rotating 
and stationary members of centrifugal fluid pumps, 
turbines, agitators and the like. 

Conventionally, most centrifugal pumps prevent 
or control fluid leakage, both during operation and 
while stationary, by the use of interfacial seals. 
These seals contain stationary and rotating sealing 
surfaces which are held in sliding contact with a 
controlled surface pressure to minimise fluid leak- 
age past the sealing surfaces. Interfacial seals may 
be subdivided into two classes dependent upon the 
disposition of the sealing surfaces relative to the 
rotating shaft axis, viz. axial seals and radial seals. 
Both types of seals are widely used in centrifugal 
fluid pumps. 

Axial seals encompass the broad class of me- 
chanical end face seals in which the sealing sur- 
faces are flat, rigid, and disposed normally to the 
shaft axis. These seals have been widely applied to 
centrifugal pump, turbine and agitator shaft sealing 
applications with gas, liquid and slurries as the 
pumped product, and have been developed in an 
extensive range of variant designs. 

Radial seals define the class of shaft seals in 
which the sealing contact surface is cylindrical and 
concentric with the pump shaft axis. The stuffing 
box is a commonly used seal of this type in which 
impermeable and compliant packing material is 
contained and pressurised in an annular cavity 
surrounding the shaft by an axially adjusted gland 
member. This type of seal is extensively applied in 
both liquid and slurry centrifugal pumps. Seals of 
this type belong to the class of radial seals. 

The abrasive nature of pumped fluid in centri- 
fugal slurry pumps commonly results in severe 
wear of shaft seal elements resulting in increased 
fluid leakage and maintenance requirements. Even 
with clean liquid pumps, sealing elements wear and 
require adjustment. These problems have resulted 
in the development of hydrodynamic shaft seals 
which are incorporated in many centrifugal slurry 
pumps. These invariably comprise auxiliary pump- 
ing vanes on the impeller which develop a 
hydrodynamic fluid pressure to eliminate leakage 
from the pump casing. During pump operation fluid 
leakage is eliminated or substantially reduced with 
this type of non contacting seal. Supplementary 
sealing means are required additional to the 
hydrodynamic seal to prevent leakage from the 
pump when stationary. Such static seals are com- 
monly interfacial seals of the radial type. Although 
fluid leakage, in operation, is effectively prevented 
or controlled by the hydrodynamic seal, the con- 
tinuous sliding contact at the static seal surfaces 
results in abrasive wear at these surfaces with 



resultant loss of static sealing performance. 

The aim of this invention is to overcome, by 
novel means, a number of limitations associated 
with conventional centrifugal fluid pump seals and 
to improve current sealing technology, particularly 
in relation to, but not limited to, centrifugal slurry 
pumps {where abrasive wear is greatest), and in 
accordance with the following objectives: 

(a) to increase the effective operating life of 
io pump seals between maintenance overhauls; 

(b) to reduce abrasive wear rate at the sealing 
surfaces; 

(c) to provide a seal suitable for use under the 
most adverse fluid conditions, including hetero- 

*5 geneous fluids typical of coarse abrasive slur- 
ries; 

(d) to permit substantial axial displacement be- 
tween the stationary and rotating sealing sur- 
faces; and 

20 (d) to provide a seal with automatic loading of 
sealing surfaces and requiring no manual adjust- 
ments of loading either during installation or in 
operation. 

US-A-3256027 discloses a sealing assembly 
25 where the sealing surface, due to a centrifugal 
force, disengages from the stationary member, 
thereby reducing wear of the sealing components. 

In one aspect the present invention provides a 
centrifugal sealing member for preventing leakage 
30 between a rotating member and a stationary mem- 
ber with an outer cylindrical surface, said sealing 
member comprising an outer annular support 
member and an inner annular engaging member, 
said support member to be sealingly mounted on 
35 said rotating member, with said annular engaging 
member to sealingly engage around the said outer 
cylindrical surface of the stationary member when 
said rotating member slows below a critical rota- 
tional speed and disengage from around the said 
40 outer cylindrical surface when the rotating member 
rotates faster than the critical rotational speed, to 
provide a running clearance between the centri- 
fugal sealing member and the stationary member, 
wherefor the annular engaging member has its 
45 mass and its composite modulus of radial elasticity 
so proportioned that when said sealing member is 
mounted on the rotating member and the rotating 
member is rotated at any speed at or less than the 
critical rotation speed, the annular engaging mem- 
so ber sealingly engages on the said outer cylindrical 
surface and when the rotating member is rotated 
above the critical speed, the said annular engaging 
member extends radially outwardly due to centri- 
fugal force to provide a running clearance between 
55 the rotating centrifugal sealing member and the 
outer cylindrical surface of the stationary member; 
characterised in that: 

said outer annular support member is made of 
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elastomeric material and has a base and a top end; 

said inner annular engaging member is made 
of elastomeric material and extends from the base 
end of the annular support member in a direction 
radially inwardly and towards the top end of the 
support member, said inner elastomeric engaging 
member being of tapered cross section, tapering 
towards its free end with this thickness at any point 
along its length being smaller than the thickness of 
the outer annular support member; and 

a reinforcing ring completely imbedded in said 
outer annular support member; whereby in use 
said support member can sealingly engage on said 
rotating member. 

In another aspect the invention provides a cen- 
trifugal sealing member for preventing leakage be- 
tween a rotating member and a stationary member 
with an outer cylindrical surface, said sealing mem- 
ber comprising an annular support member and an 
inner annular engaging member, said support 
member being sealingly mountable on the rotating 
member, with said annular engaging member in 
use sealingly engaging around the outer cylindrical 
surface of the stationary member when the rotating 
member slows below a critical rotational speed and 
disengaging from around the outer cylindrical sur- 
face when the rotating member rotates faster than 
the critical rotational speed, to provide a running 
clearance between said sealing member and the 
stationary member characterised in that 

said annular support member has an 
elastomeric sheath and a helical tension spring 
enclosed by and in intimate driving contact with 
said elastomeric sheath, said helical tension spring 
being in substantially toroidal form to be located 
with its rectilinear axis of symmetry substantially 
coilinear with the axis of the outer cylindrical sur- 
face of the stationary member, multiple ballast 
masses enclosed within the toroidal form of said 
helical tension spring adapted to be driven by and 
rotated with said helical tension spring, and said 
inner annular engaging member comprising a lip 
projecting from said elastomeric sheath which, in 
use, makes sealing contact with the outer cylin- 
drical surface of the stationary member, said pro- 
jecting lip being configured for substantial radial 
wear. 

Preferably seals according to embodiments of 
the present invention are used for preventing fluid 
leakage through the running clearance between 
stationary and rotating members of centrifugal 
pumps and the like which incorporate 
hydrodynamic means for preventing such leakage 
until their speed of rotation decreases by some 
predetermined fraction of normal operating speed. 
The seal comprises a stationary member with an 
outer cylindrical surface substantially concentric 
with the axis of rotation of the rotating members 



and adapted to be engaged in sealing contact by a 
surrounding annular sealing member by fluid tight 
means. The mass and the composite modulus of 
radial elasticity of the annular sealing member is so 
s proportioned that, at a rotational speed greater than 
that at which leakage would cease to be prevented 
by the said hydrodynamic means, the annular seal- 
ing member extends radially outwards due to cen- 
trifugal force sufficiently to provide a running clear- 
w ance between the rotating annular sealing member 
and the stationary cylindrical surface. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings, in which: 

*s Fig. 1 is a partial cross sectional view of a 
preferred embodiment of the present invention 
with the pump shaft stationary; 
Fig. 2 illustrates another embodiment of the 
present invention in partial cross section with the 

20 pump shaft stationary; and 

Fig. 3 is partial cross sectional view taken on 
line l-l of Fig. 2. 

Like parts are illustrated by like characters 
throughout the specification and drawings. 
25 Fig. 1 shows one preferred embodiment of the 

invention in a simple form as applied to a centri- 
fugal slurry pump. Pump impeller 1 is attached to 
shaft 2 which contains the pressurised fluid dis- 
charging from the periphery of rotating impeller 1. 

30 A secondary sealing impeller or expeller 3 is 
mounted on shaft 2 adjacent to impeller 1 and 
contained within a separate sealing chamber 4 
formed by the external surface of casing member 5 
and expeller chamber 6 which are clamped to- 

35 gether in sealing contact. Expeller 3 contains mul- 
tiple vanes 7 of substantially radial form attached to 
a substantially plane disc rotatably driven by shaft 
2 and substantially concentric therewith. The an- 
nular sealing member 8 comprises an outer annular 

40 support member 9 and an integral engaging mem- 
ber 10, made of a suitable elastomeric material. A 
stiffening reinforcement ring 11 may be embedded 
in the sealing member. The sealing ring 8 engages 
in a fluid tight manner in the annular spigot 12 in 

45 the expeller 3. 

The dimensions of the engaging means 10 and 
its modulus of elasticity are chosen such that at 
rotational speeds greater than that at which leakage 
would cease to be prevented by hydrodynamic 

so means (i.e. the rotation of the expeller 3), the 
engaging means 10 moves under the influence of 
the centrifugal force out of sealing engagement 
with the outer cylindrical sealing surface 13, to 
provide a running clearance between the rotating 

55 sealing member 8 and the cylindrical sealing sur- 
face 13. 

The main elements of the hydrodynamic seal- 
ing means in the embodiment shown in Fig. 1 
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comprise the vanes 7 of expeller 3 and auxiliary 
leakage vanes 14 of impeller 1 operating in concert 
with the adjacent surfaces of casing 5, expeller 
chamber 6, and stationary spoiler vanes 15. 

The principal elements of the seal, formed by 
utilising the sealing member of the present inven- 
tion, of which one embodiment is shown in Fig. 1, 
comprise the annular sealing member 8, expeller 3, 
and stationary member 16. 

It is clear from Figure 1 that the outer annular 
support member has a base and a top. The inner 
annular engaging member is made of elastomeric 
material and extends from the base end of the 
annular support member in a direction radially in- 
wardly and towards the top end of the support 
member, said inner elastomeric engaging member 
being of tapered cross section, tapering towards its 
free end with its thickness at any point along its 
length being smaller than the thickness of the outer 
annular support member (9). Further, it can be 
appreciated that in use, the outward radial exten- 
sion due to centrifugal force on the annular engag- 
ing member is limited by contact with opposing 
surrounding surfaces on the rotating member so as 
to provide a predetermined minimum running clear- 
ance between the annular engaging member and 
the outer cylindrical surface of the stationary mem- 
ber. 

Another embodiment of the sealing member is 
shown in Figs. 2 and 3. With reference to Fig. 2, 
the rotating sleeve 17 is mounted on shaft 2 adja- 
cent and in driving contact with expeller 3. Station- 
ary member 16 is mounted with sealing engage- 
ment in expeller chamber 6 with its outer cylin- 
drical sealing surface 14 concentric with the axis of 
shaft 2. The annular sealing member 8 is the 
principal component of the seal, and comprises a 
helical tension spring 18 disposed in toroidal form 
with its rectilinear axis of symmetry collinear with 
the axis of shaft 2 and enclosed by and in intimate 
driving contact with an elastomeric sheath on an- 
nular engaging member 19, separate multiple bal- 
last weights 20 mounted with working radial clear- 
ance within the toroidal core of spring 18, and a 
helical tension spring 21 disposed in toroidal form 
and moulded within an annular mounting bead of 
elastomer 22 concentric with shaft 2. The multiple 
ballast weights 20 are configured to provide maxi- 
mum density of the toroidal core of spring 18. They 
are typically constructed in high density material, 
and in the embodiment shown in Fig. 3 have a 
barrel shaped form with conical ends, and are 
packed with minimum radial and end clearance 
within the toroidal core of spring 18 to permit 
relative movement between the spring coils and 
ballast weights 20. Spring 18 contains driving 
means 23 to rotatably drive ballast weights 20 with 
annular sealing member 8. In the embodiment 



shown in Fig. 3, the driving means 23 is combined 
with a toroidal core diameter of spring 18 and 
provides a rotational driving surface for ballast 
weights 20. The mounting bead 22 is integral with 
s elastomeric sheath 19 and displaces axially from 
helical tension spring 18. Mounting bead 22 en- 
gages with static sealing contact a matching 
grooved recess 24 in rotation sleeve member 17, 
which determines the axial and radial location of 
w annular sealing member 8 relative to rotating shaft 
2. Annular sealing member 8 is rotatably driven by 
multiple radially disposed projections 25 at its outer 
periphery which are integral with elastomeric 
sheath 19, and which engage with corresponding 
j s surfaces 26 of vanes 7 of expeller 3. 

At its inner radial extremity, and displaced ax- 
ially remote from mounting bead 22, annular seal- 
ing member 8 incorporates a radial inward projec- 
tion of elastomeric sheath 19 to form a continuous 
20 sealing lip 27 of limited axial width, concentric with 
shaft 2, and having an inner cylindrical sealing 
surface 28 in radial sealing contact with outer cylin- 
drical surface 13 of stationary member 16. The 
geometry of seal lip 27 is configured to provide for 
25 substantial radial wear without detriment to sealing 
performance by initially having a smaller internal 
diameter (when not outwardly extended) less than 
the outer diameter before wear of the cylindrical 
surface (13). Sealing lip 27 may typically comprise 
30 a harder grade of elastomer than the elastomeric 
sheath 19, to which it is integrally formed, to pro- 
vide more favourable wear characteristics. With 
pump shaft 2 stationary, the outer periphery of the 
annular sealing member 8 has a small radial clear- 
35 ance, with the inner radial extremity 29 of vanes 7 
of expeller 3. 

The principal elements of the seal, formed by 
utilizing the sealing member of the present inven- 
tion, of which one embodiment is shown in Fig. 2, 
40 comprise the annular sealing member 8, rotating 
sleeve 17, expeller 3, and stationary member 16. 

Operation of the pump seal will be described 
with reference to Figs. 1 , 2 and 3. Effective sealing 
against fluid leakage is required for the two con- 
45 ditions of stationary and rotating shaft systems. 
With shaft 2 stationary, and in the low speed range 
during pump start-up, sealing is provided wholly by 
the seal of this invention. In this condition sealing 
chamber 4 is normally flooded with fluid, immers- 
50 ing the outer surface of annular sealing member 8 
between seal lip 27 and the outer support member 
9 (in Fig. 1) or elastomer mounting bead 22 (in Fig. 
2). Sealing surface 13 of stationary sleeve member 
16 and annular sealing member 8 are in sealing 
55 contact with a radial pressure predetermined to 
exclude fluid leakage past their common -contact 
surfaces. 

The inner surface area of annular sealing mem- 
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ber 8 is normally exposed to the atmosphere and 
subject to ambient pressure. If the outer periphery 
of annular sealing member 8 is subjected to a fluid 
pressure elevated above ambient, as may occur by 
supercharging of the pump inlet, the increased fluid s 
pressure acting upon annular sealing member 8 
causes increased contact pressures at seal lip 27 
(in Figs 1 and 2), and at mounting bead 22 (in Fig. 
2 only), thereby providing increased resistance to 
. fluid leakage. 70 
At normal pump operating speed, and in the 
upper speed range during pump start-up, sealing 
against fluid leakage between stationary and rotat- 
ing members is provided wholly by hydrodynamic 
effects. The combination of expeller vanes 7 and 75 
auxiliary leakage vanes 14 of impeller 1 develops a 
centrifugal fluid pressure in excess of the impeller 
discharge pressure, hence fluid leakage from cas- 
ing 5 via the sealing chamber 4 is prevented, in 
normal seal operation an equilibrium condition is 20 
established with fluid in sealing chamber 4 driven 
by expeller vanes 7 in an annular vortex at the 
periphery of the chamber, surrounding inner zones 
of air on both sides of expeller 3. Annular sealing 
member 8 occupies a fluid free region within the 25 
annular vortex, and leakage from sealing chamber 
4 across sealing faces 13 and 28 is thus prevented 
by hydrodynamic fluid effects. At full operating 
pump speed annular sealing member 8 is in its 
fully radially expanded position, with its outer pe- 30 
riphery in supporting contact with surfaces 29 of 
expeller 3 (for embodiment shown in Fig. 2), with 
corresponding separation of sealing surfaces 13 
and 28. 

In Fig. 1, radial expansion of annular sealing lip 35 
10 of member 8 is caused by centrifugal force 
acting on the mass of the lip. This radial expansion 
is resisted at low speeds by elastic circumferential 
tension in seal lip 10. 

In the speed range approaching normal pump aq 
operating speeds the combined centrifugal loading 
predominates over the combined elastic circum- 
ferential tension, resulting in radial expansion of 
annular sealing member lip 27, with a correspond- 
ing radial separation of sealing surfaces 13 and 28. 45 
The critical rotational speed of annular sealing 
member 19 at which sealing surfaces 13 and 28 
separate is an important seal design parameter, 
and is a function of the axial spacing relationship of 
seal lip 27, spring 18 and mounting bead 22; the so 
masses of ballast weights 20, spring 18 and 
elastomeric sheath 19; and the radial stiffness of 
spring 18, seal lip 10 stiffness and mass and 
elastomeric sheath 19. Typically these design pa- 
rameters are configured to produce separation of 55 
sealing surfaces 13 and 28 at a rotational speed 
lower than the lowest limit of normal pump operat- 
ing speeds. 



Sealing surfaces 13 and 28 are thus in sliding 
contact only during the brief starting and stopping 
process. During normal pump operation the sur- 
faces are separated with consequent absence of 
abrasive wear. This is of particular relevance in 
centrifugal slurry pumps in which sliding surfaces 
are unavoidably contaminated by abrasive solid 
particles with resultant rapid abrasive wear. Abra- 
sive wear at sealing surfaces 13 and 28 is limited 
only to the acceleration and deceleration periods 
during starting and shut-down of the pump during 
which the pump speed is below the critical seal 
separation speed. 

It is a common feature of centrifugal slurry 
pumps that axial adjustment of shaft 2 and asso- 
ciated rotating components is normally provided to 
improve deteriorating pump performance resulting 
from increased impeller end clearances caused by 
abrasive wear. The present invention can tolerate 
large axial displacement of seal lip of the sealing 
member due to its cylindrical contact geometry 
and axial extent of the matching stationary sealing 
surface. Axial shaft adjustment is beneficial to seal 
operation with this invention as the localised worn 
stationary surface adjacent to the surface of an- 
nular sealing member 16 is replaced with unworn 
surface by axial adjustment of the shaft. 

Claims 

1. A centrifugal sealing member for preventing 
leakage between a rotating member and a 
stationary member with an outer cylindrical 
surface, said sealing member comprising an 
outer annular support member (9) and an inner 
annular engaging member (10), said support 
member to be sealingly mounted on said rotat- 
ing member, with said annular engaging mem- 
ber to sealingly engage around the said outer 
cylindrical surface of the stationary member 
when said rotating member slows below a criti- 
cal rotational speed and disengage from ar- 
ound the said outer cylindrical surface when 
the rotating member rotates faster than the 
critical rotational speed, to provide a running 
clearance between the centrifugal sealing 
member and the stationary member; charac- 
terised in that the annular engaging member 
(10) has its mass and its composite modulus 
of radial elasticity so proportioned that when 
said sealing member is mounted on the rotat- 
ing member and the rotating member is rotat- 
ed at any speed at or less than the critical 
rotation speed, the annular engaging member 
sealingly engages on the said outer cylindrical 
surface and when the rotating member is rotat- 
ed above the critical speed, the said annular 
engaging member extends radially outwardly 
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due to centrifugal force to provide a running 
clearance between the rotating centrifugal seal- 
ing member and the outer cylindrical surface 
of the stationary member; 

said outer annular support member (9) is 5 
made of elastomeric material and has a base 
and a top end; 

said inner annular engaging member (10) 
is made of elastomeric material and extends 
from the base end of the annular support w 
member in a direction radially inwardly and 
towards the top end of the support member, 
said inner elastomeric engaging member being 
of tapered cross section, tapering towards its 
free end with this thickness at any point along 75 
its length being smaller than the thickness of 
the outer annular support member (9); and 

a reinforcing ring (11) completely imbed- 
ded in said outer annular support member; 
whereby in use said support member can 20 
sealingly engage on said rotating member. 

A centrifugal sealing member according to 
claim 1 characterised in that, in use, the out- 
ward radial extension due to centrifugal force 25 
on the annular engaging member (10) is limit- 
ed by contact with opposing surrounding sur- 
faces on the rotating member so as to provide 
a predetermined minimum running clearance 
between the annular engaging member and 30 
the outer cylindrical surface of the stationary 
member. 

A centrifugal sealing member for preventing 
leakage between a rotating member and a 35 
stationary member with an outer cylindrical 
surface, said sealing member comprising an 
annular support member (8) and an inner an- 
nular engaging member (27), said support 
member being sealingly mountable on the ro- 40 
tating member, with said annular engaging 
member (27) in use sealingly engaging around 
the outer cylindrical surface (13) of the station- 
ary member when the rotating member slows 
below a critical rotational speed and disengag- 45 
ing from around the outer cylindrical surface 
when the rotating member rotates faster than 
the critical rotational speed, to provide a run- 
ning clearance between said sealing member 
and the stationary member characterised in 50 
that 

said annular support member (8) has an 
elastomeric sheath (19) to be in engagement 
with the rotating member in use and a helical 
tension spring (18) enclosed by and in intimate 55 
driving contact with said elastomeric sheath, 
said helical tension spring being in substan- 
tially toroidal form to be located with its rec- 



tilinear axis of symmetry substantially collinear 
with the axis of the outer cylindrical surface of 
the stationary member, multiple ballast masses 
(20) enclosed within the toroidal form of said 
helical tension spring adapted to be driven by 
and rotated with said helical tension spring, 
and said inner annular engaging member (27) 
comprising a lip projecting from said 
elastomeric sheath (19) which, in use, makes 
sealing contact with the outer cylindrical sur- 
face of the stationary member, said projecting 
lip being configured for substantial radial wear. 

4. A centrifugal sealing member according to 
claim 3 for use with a rotating member (3) 
which defines a grooved recess (24), said sup- 
port member (8) comprising an annular lateral 
extension of said elastomeric sheath terminat- 
ing axially in a mounting bead (22) moulded 
about a toroidal helical spring (21), said bead 
being for engaging detachably and sealingly in 
the matching grooved recess (24) of the rotat- 
ing member. 

5. A centrifugal sealing member according to 
claim 3 or 4 characterised in that said 
elastomeric sheath (19) is provided on its outer 
peripheral surface with projections (25) for driv- 
ing engagement with the rotating member. 

6. A centrifugal seal assembly according to claim 
3, 4 or 5 when in use with a rotating member 
(3) and a stationary member (8) with an outer 
cylindrical surface, wherein the internal diam- 
eter of said unworn projecting lip (27) before 
use and wear and when not radially outwardly 
extended is less than the unworn diameter of 
the cylindrical surface (13) of the stationary 
member on which it seals by an amount such 
that sealing engagement is maintained by the 
elasticity of said annular sealing member after 
significant wear of both said projecting lip and 
the cylindrical surface has occurred. 

Revendications 

1. Element d'etancheite centrifuge pour empe- 
cher toute fuite entre un element tournant et un 
element fixe ayant une surface cylindrique ex- 
terne, ledit element d'etancheite comprenant 
un element de support annulaire externe (9) et 
un element de mise en contact annulaire inter- 
ne (10), ledit element de support etant destine 
a etre monte de maniere etanche sur ledit 
element tournant, ledit element de mise en 
contact annulaire etant prevu pour venir en 
contact de maniere etanche autour de ladite 
surface cylindrique externe dudit element fixe 
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lorsque ledit element tournant tourne au-des- 
sous d'une vitesse de rotation critique et etant 
prevu pour se separer d'autour de ladite surfa- 
ce cylindrique externe lorsque I'element tour- 
nant tourne a une vitesse supeVieure a la vites- s 
se de rotation critique, ceci afin d'assurer un 
jeu de fonctionnement entre I'element d'etan- 
cheite centrifuge et I'element fixe ; 

caracterise en ce que I'element de mise 
en contact annulaire (10) a sa masse et son w 
module d'elasticite radiale composite propor- 
tionnes de telle sorte que lorsque ledit element 
d'etancheite est monte sur un element tournant 
et que lorsque I'element tournant est mis en 
rotation a une quelconque vitesse voisine ou 75 
inferieure a la vitesse de rotation critique, I'ele- 
ment de mise en contact annulaire vienne en 
contact de maniere glissante sur ladite surface 
cylindrique externe et que lorsque I'element 
tournant est mis en rotation a une vitesse 20 
superieure a la vitesse critique, ledit element 
de mise en contact annulaire s'etende radiale- 
ment a I'exterieur du fait de la force centrifuge 
afin d'assurer un jeu de fonctionnement entre 
('element d'etancheite centrifuge tournant et la 25 
surface cylindrique externe de I'element fixe ; 

ledit element de support annulaire externe 
(9) est realise en elastomere et il comporte 
une extremite de base et une extremite de 
sommet ; 20 

ledit element de mise en contact annulaire 
interne (10) est realise en elastomere et il 
s'etend depuis I'extremite de base de ('ele- 
ment de support annulaire suivant une direc- 
tion radialement interne ainsi qu'en direction 35 
de I'extremite de sommet de I'element de sup- 
port, ledit element de mise en contact interne 
en elastomere presentant une section en cou- 
pe a parois inclinees qui diminue en direction 
de son extremite libre, son epaisseur au niveau aq 
de n'importe quel point situe le long de sa 
longueur etant inferieure a I'epaisseur de I'ele- 
ment de support annulaire externe (9) ; et 

une bague de renforcement (1 1 ) complete- 
ment noyee dans ledit element de support 45 
annulaire externe ; et ainsi, lors de son utilisa- 
tion, ledit element de support peut venir en 
contact de maniere glissante sur ledit element 
tournant. 

50 

2. Element d'etancheite centrifuge selon la reven- 
dication 1, caracterise en ce que, en fonction- 
nement, I'extension radiale externe due a la 
force centrifuge qui s'exerce sur I'element de 
mise en contact annulaire (10) est limitee par 55 
le contact avec des surfaces voisines oppo- 
sees sur I'element tournant de maniere a assu- 
rer un jeu de fonctionnement minimal predeter- 



mine entre I'element de mise en contact annu- 
laire et la surface cylindrique externe de I'ele- 
ment fixe. 

3. Element d'etancheite centrifuge pour empe- 
cher toute fuite entre un element tournant et un 
element fixe ayant une surface cylindrique ex- 
terne, ledit element d'etancheite comprenant 
un element de support annulaire (8) et un 
element de mise en contact annulaire interne 
(27), ledit element de support pouvant etre 
monte de maniere glissante sur I'element tour- 
nant, ledit element de mise en contact annulai- 
re (27), lors de son utilisation, venant en 
contact de maniere glissante autour de la sur- 
face cylindrique externe (13) de I'element fixe 
lorsque I'element tournant est mis en rotation a 
une vitesse inferieure a une vitesse de rotation 
critique et se separant d'autour de la surface 
cylindrique externe lorsque I'element tournant 
est mis en rotation a une vitesse superieure a 
la vitesse de rotation critique, ceci afin d'assu- 
rer un jeu de fonctionnement entre ledit ele- 
ment d'etancheite et I'element fixe, caracterise 
en ce que : 

ledit element de support annulaire (8) 
comporte une gaine en elastomere (19) qui 
doit venir en contact avec I'element tournant 
en fonctionnement, ainsi qu'un ressort de rap- 
pel helicoVdal (18) contenu par ladite gaine en 
elastomere et en contact d'entraTnement intime 
avec cette dite gaine, ledit ressort de rappel 
helicoVdal presentant une forme sensiblement 
toro'fdale de maniere a etre positionne avec 
son axe de symetrie rectiligne sensiblement 
colineaire a I'axe de la surface cylindrique 
externe de I'element fixe, de multiples masses 
de lest (20) etant contenues a I'interieur de la 
forme toro'fdale dudit ressort de rappel helicoV- 
dal et etant adaptees pour etre entraTnees par 
ledit ressort de rappel helicoVdal et pour etre 
mises en rotation avec, et ledit element de 
mise en contact annulaire interne (27) compre- 
nant une levre qui se projette depuis ladite 
gaine en elastomere (19) et qui, en fonctionne- 
ment, etablit un contact d'etancheite avec la 
surface cylindrique externe de I'element fixe, 
ladite levre qui se projette etant configuree 
pour une usure radiale sensible. 

4. Element d'etancheite centrifuge selon la reven- 
dication 3, destine a une utilisation avec un 
element tournant (3) qui d^finit un evidement 
en forme de gorge (24), ledit element de sup- 
port (8) comprenant une extension laterale an- 
nulaire de ladite gaine en elastomere qui se 
termine axialement selon une bordure de mon- 
tage (22) moulee autour d'un ressort helicoVdal 
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toroidal (21), ladite bordure etant destines a 
venir en contact de maniere amovible et par 
glissement dans I'evidement en forme de gor- 
ge correspondant (24) de I'element tournant. 

5 

5. Element d'etancheite centrifuge selon la reven- 
dication 3 ou 4, caracterise en ce que ladite 
gaine en elastomere (19) est munie sur sa 
surface peripherique externe de protuberances 

(25) pour une mise en contact par entraTne- n 
ment avec I'element tournant. 

6. Assemblage d'etancheite centrifuge selon la 
revendication 3, 4 ou 5, destine a une utilisa- 
tion avec un element tournant (3) et un ele- ;s 
ment fixe (8) ayant une surface cylindrique 
externe, dans lequel le diametre interne de 
ladite levre non usee se projetant (27) avant 
utilisation et usure et lorsqu'elle n'est pas eten- 

due radialement vers I'exterieur est inferieur au 20 
diametre non use de la surface cylindrique (13) 
de I'element fixe sur lequel elle etablit une 
etancheite d'une valeur telle que la mise en 
contact d'etancheite soit maintenue par I'elasti- 
cite dudit element d'etancheite annulaire apres 25 
qu'une usure significative a la fois de ladite 
levre se projetant et de la surface cylindrique 
s'est produite. 

Patentanspriiche 30 

1. Zentrifugaldichtelement zum Verhindern einer 
Leckage zwischen einem rotierenden Element 
und einem stationaren Element mit einer auBe- 
ren zylindrischen Oberflache, wobei das Dicht- 35 
element ein aufieres ringformiges Stiitzel- 
ement (9) und ein inneres ringformiges Ein- 
griffselement (10) aufweist, wobei das Stutzel- 
ement dichtend auf dem rotierenden Element 
angeordnet ist und wobei das ringfdrmige Ein- 40 
griffselement dichtend urn die auflere zylindri- 
sche Oberflache des stationaren Elementes 
eingreift, wenn das rotierende Element sich 
unter eine kritische Drehgeschwindigkeit ver- 
langsamt, und aufler Eingriff von der aufleren 45 
zylindrischen Oberflache gelangt, wenn das ro- 
tierende Element schneller als die kritische 
Drehgeschwindigkeit dreht, urn ein Betriebs- 
spiel zwischen dem Zentrifugaldichtelement 
und den stationaren Element vorzusehen, 50 
dadurch gekennzeichnet, 
dafl das Gewicht und der radiale Elastizitats- 
modul des ringformigen Eingriffselementes 
(10) so proportioniert sind, da/J, wenn das 
Dichtelement auf dem rotierenden Element an- 55 
geordnet ist und das rotierende Element mit 
irgendeiner Geschwindigkeit bei oder weniger 
als die kritische Drehgeschwindigkeit gedreht 



wird, das ringfdrmige Eingriffselement dichtend 
urn die auflere zylindrische Oberflache ein- 
greift und dafl, wenn das rotierende Element 
oberhalb der kritischen Drehgeschwindigkeit 
gedreht wird, das ringformige Eingriffselement 
infolge der Zentrifugalkraft sich radial nach au- 
fien erstreckt, urn ein Betriebsspiel zwischen 
dem rotierenden Zentrifugaldichtelement und 
der aufieren zylindrischen Oberflache des sta- 
tionaren Elementes vorzusehen, wobei das au- 
fiere ringfdrmige Stutzelement (9) aus elasto- 
merem Material besteht und ein oberes und 
ein unteres Ende aufweist, wobei das innere 
ringfdrmige Eingriffselement (10) aus elasto- 
merem Material besteht und sich vom unteren 
Ende des ringformigen Stiitzelementes in einer 
radial einwarts gerichteten Richtung gegen das 
obere Ende des Stiitzelementes erstreckt, wo- 
bei das innere elastomere Eingriffselement ei- 
nen sich verjungenden Querschnitt aufweist, 
der sich zu seinem freien Ende hin verjungt, 
wobei die Dicke an jedem Punkt entlang seiner 
Lange kleiner als die Dicke des aufleren ring- 
formigen Stiitzelementes (9) ist, und wobei ein 
Stutzring (11) vollstandig in dem aufleren ring- 
formigen Stutzelement eingebettet ist, wobei 
im Gebrauch das Stutzelement dichtend urn 
das drehende Element eingreifen kann. 

2. Zentrifugaldichtelement nach Anspruch 1 , 
dadurch gekennzeichnet, 

dafl im Gebrauch die auswartige Radialerstrek- 
kung infolge der Zentrifugalkraft auf das ring- 
fdrmige Eingriffselement (10) durch einen Kon- 
takt mit gegenuberliegenden umgebenden Fla- 
chen des rotierenden Elementes begrenzt wird, 
urn ein vorbestimmtes Minimalbetriebsspiel 
zwischen dem ringformigen Eingriffselement 
und der au/Jeren zylindrischen Oberflache des 
stationaren Elementes vorzusehen. 

3. Zentrifugaldichtelement zum Verhindern einer 
Leckage zwischen einem rotierenden Element 
und einen stationaren Element mit einer aufie- 
ren zylindrischen Oberflache, wobei das Dicht- 
element ein ringformiges Stutzelement (8) und 
ein inneres ringformiges Eingriffselement (27) 
aufweist, wobei das Stutzelement dichtend auf 
den rotierenden Element anordbar ist, wobei 
das ringformige Eingriffselement (27) im Ge- 
brauch dichtend urn die auBere zylindrische 
Oberflache (13) des stationaren Elementes ein- 
greift, wenn das rotierende Element sich unter 
eine kritische Drehgeschwindigkeit verlang- 
samt, und au/3er Eingriff gelangt von der aufle- 
ren zylindrischen Oberflache, wenn das rotie- 
rende Element sich schneller als die kritische 
Drehgeschwindigkeit dreht, urn ein Betriebs- 
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spiel zwischen dem Dichtelement und dem 
stationaren Element vorzusehen, 
dadurch gekennzeichnet, 
dafl das ringformige Stutzelement (8) eine ela- 
stomere Hulle (19), die im Gebrauch in Eingriff 5 
mit dem rotierenden Element ist, und eine 
Schraubenspannfeder (18) aufweist, die von 
der elastomeren Hulle umschlossen und mit 
dieser in engem Antriebskontakt ist, wobei die 
Schraubenspannfeder im wesentlichen eine w 
ringformige Form aufweist, urn mit ihrer gerad- 
linigen Symmetrieachse im wesentlichen coli- 
near mit der Achse der aufleren zylindrischen 
Oberflache des stationaren Elementes ange- 
ordnet zu sein, wobei mehrere Ballastmassen ts 
(20) innerhaib der ringformigen Form der 
Schraubenspannfeder eingeschlossen sind, urn 
von der Schraubenspannfeder angetrieben und 
mit dieser gedreht zu werden, und wobei das 
innere ringformige Eingriffselement (27) eine 20 
von der elastomeren Hulle (19) vorstehende 
Nase aufweist, die im Gebrauch einen dichten- 
den Kontakt mit der auBeren zylindrischen 
Oberflache des stationaren Elementes her- 
stellt J wobei die vorstehende Nase fur einen 25 
wesentlichen radialen Abrieb ausgebildet ist. 

4. Zentrifugaldichtelement nach Anspruch 3 zur 
Verwendung mit einem rotierenden Element 

(3), welches eine Ausnehmung (24) definiert, 30 
wobei das Stutzelement (8) eine ringformige 
seitliche Ausdehnung der elastomeren Hulle 
aufweist, die axial in einen Montagerandwulst 
(22) urn eine ringformige Schraubenfeder (21) 
endet, wobei die Wulst zum entnehmbaren und 35 
dichtenden Eingriff in der Gegenausnehmung 
(24) des rotierenden Elementes dient. 

5. Zentrifugaldichtelement nach Anspruch 3 Oder 

«■ 

dadurch gekennzeichnet, 
daC die elastomere Hulle (19) auf ihrer au/Jeren 
Umfangsflache mit Vorsprungen (25) zum An- 
triebseingriff mit dem rotierenden Element ver- 
sehen ist. 

45 

6. Zentrifugaldichtanordnung nach Anspruch 3, 4 
Oder 5 zur Verwendung mit einem rotierenden 
Element (3) und einem stationaren Element (8) 

mit einer auBeren zylindrischen Oberflache, 50 
wobei der innere Durchmesser der nicht abge- 
nutzten vorstehenden Nase (27) vor Gebrauch 
und Abnutzung und ohne radiale Richtung 
nach aufien geringer als der nicht abgenutzte 
Durchmesser der zylindrischen Oberflache (13) 55 
des stationaren Elementes ist, auf welcher die- 
se mit einem Ma/3e dichtet, dafi der dichtende 
Eingriff durch die Elastizitat des ringformigen 



Dichtelementes nach einer signifikanten Abnut- 
zung der vorstehenden Nase und der zylindri- 
schen Flache aufrechterhalten wird. 
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